The mechanism of DNA degradation and its clinical applications were examined.
Goelz first reported that high molecular DNA could be extracted from tissues fixed in formaldehyde and embedded in paraffin wax. 2 The polymerase chain reaction (PCR) facilitated the detection of specific genes from paraffin wax embedded tissues which contained relatively low molecular DNA. 5 We also extracted DNA from formaldehyde fixed tissues, but the extracted DNA was degraded. We therefore examined the mechanism of DNA degradation. Furthermore, genomic DNA was extracted from a necropsy specimen fixed in formaldehyde and used for the detection of HTLV-I provirus.
Methods
To ascertain the direct effect of formaldehyde on DNA 100 ,ug of i phage DNA (Takara, Kyoto, Japan), salmon sperm DNA, and extracted rat liver DNA were fixed in phosphate buffered formaldehyde (formaldehyde concentration 433%, methanol concentration 0-70, 33 mM NaH2PO4, 45 7 mM Na2 HPO4, pH 7) for 24 hours at room temperature and dialysed once in TNE (10 mM TRIS-HCI, pH 8, 1 mM EDTA, 100 mM NaCl) to remove the formaldehyde.
Closed colony Long-Evans (LE) rats were used to study the effect under different fixation conditions. After anaesthesia with ether and laparotomy buffered formaldehyde was immediately injected into the portal vein. After resection the liver was minced with a razor blade, washed with buffered formaldehyde, and fixed under various conditions. Buffered formaldehyde was checked for pH every day and changed to prevent acidosis. Part of the tissue specimens were embedded in paraffin wax blocks and cut into thin slices using the microtome. These were stained with haematoxylin and eosin.
Further tissue was obtained three hours after the death of a patient with adult T cell leukaemia. Half the tissue was frozen and the other half fixed in phosphate buffered formaldehyde at room temperature for two days.
These fresh and fixed samples were frozen in an ethanol dry-ice bath and maintained at -800 C until DNA was extracted. temperature, the DNA degradation might have started even after the one week fixation at 4°C ( fig 2D) . These experiments suggest that DNA degradation could occur during formaldehyde fixation, and this could be attributed to enzymatic action that might have been inhibited at 4°C fixation. EDTA is a metal chelating agent and one of the well known DNAse blockers. If DNA degradation were to be attributed to DNAse during formaldehyde fixation, EDTA should have blocked it. DNA extracted from rat liver which was fixed in formaldehyde containing EDTA degraded, too, but the high molecular elements remained ( fig 2C) . The DNA degradation was incompletely blocked, so probably some other enzymatic action degraded the intact DNA. -_---n 0 terns. After three days, however, tissue fixed at 4°C showed no clear difference from tissues fixed at room temperature, except that the nuclear and cytoplasmic morphology was a little less well preserved ( fig 3A and B) . After five days no differences were discernible (data not shown).
DNA DEGRADATION ANALYSIS BY PFG
To clarify if mechanical damage had occurred as a result of standard DNA extraction, PFG was used to detect the degree of DNA degradation. PFG, which can separate DNA only by electrical action, was used for visualising very high molecular DNA. DNA degradation was also shown by PFG, and its degree was almost the same as that in standard DNA extraction procedures (fig 4) . For the detection of HTLV-I, Southern blot analysis was successfully carried out using DNA extracted from formaldehyde fixed necropsy samples, but the signal strength was considerably reduced in fixed material. Consequently it would be difficult to interpret gene copy numbers under these circumstances. Recent studies have shown that degraded DNA could be used for PCR.4 Therefore Southern blot analysis for HTLV-I detection has been superseded by the use of PCR-based methods which can work satisfactorily on DNA of much lower quality. The retrospective study, which was first proposed in 1977, may then become possible, but DNA degraded to a high degree is not suitable for PCR. Thus samples should be fixed taking the aforementioned precautions. In this way pathology specimens can be used for the analysis of oncogene mutation and deletion, provirus integration, and other genetic abnormalities. 
